Background: Walking is a popular recreational activity and a feasible travel mode. Associations exist between walking and the built environment, but knowledge is lacking about specific environmental conditions associated with different purposes of walking. Methods: This cross-sectional study used a survey of 438 adults and objective environmental measures. Multinomial logit models estimated the odds of walking for recreation or transportation purposes. Results: Utilitarian destinations were positively associated with transportation walking, but recreational destinations were not associated with any walking. Residential density was correlated with both purposes of walking, and sidewalks with recreation walking only. Hills were positively associated with recreation walking and negatively with transportation walking. Conclusions: Physical environment contributed significantly to explain the probability of walking. However, different attributes of environment were related to transportation versus recreation walking, suggesting the need for multiple and targeted interventions to effectively support walking.
The objective of this paper is to examine how recreation versus transportation walking is associated similarly or differently with specific environmental and sociodemographic variables, with a particular focus on objectively measured physical environmental variables. Recreation walking in this paper refers to walking for recreation or exercise.
Conceptual Frameworks
This research is based on a multi-or trans-disciplinary approach to active living research, 11, 16 to ensure all correlates of walking are considered comprehensively. The selection of variables is based on a comprehensive review of past research and theoretical frameworks in the fields of public health, transportation planning, and urban design and planning. 11, 17 The social ecological model helps understand the multiple influences on behavior. Its emphasis on the dynamic interplay between personal, behavioral, and environmental factors provides a theoretical basis for this research. 18, 19 However, this model does not provide sufficient guidance toward conceptualizing physical environmental attributes. Physical environmental factors relevant to physical activity are numerous and subject to complex interactions, and require an additional theoretical framework. 20 The Behavioral Model of Environment or BME is used in this research. 11, 17 It identifies the generic parts of environments affecting outdoor physical activity, specifically walking and biking: Origins (O) and Destinations (D), Routes (R), and Areas (A). The Destination component is further subdivided into Transportation-related and Recreation-related Destinations for this study, TD and RD respectively.
Methods

Sampling
This cross-sectional study was based on a recently developed sampling method utilizing publicly available parcel-level geographic information systems (GIS) data. This strategy, called spatial sampling, 21 used parcels or lots as sampling units to select samples based on the geographic locations and the built environmental characteristics of areas around residences. It allowed for testing the environmental characteristics of the sample frame before drawing the samples to ensure proper variations and distributions of the key environmental variables. 21 
Data Collection
Survey. The socio-demographic data came from a telephone survey conducted as part of the Walkable and Bikable Communities (WBC) project. The survey was administered during the fall of 2002 by a professional survey company, Clearwater Research, using the Computer-Aided Telephone Interview (CATI) system. The instrument was developed using validated questions from existing surveys including the 1998 and 2001 Washington State Questionnaires for the Behavioral Risk Factor Surveillance System (BRFSS), 2000 National Health Interview Survey, Interna-tional Physical Activity Questionnaire-Long (IPAQ-L), and a survey on physical activity in community developed by Brownson and his colleagues. 22 The instrument was then pilot-tested on 50 random samples drawn from the same sample frame. Interview protocols followed the methods used by the BRFSS, and no incentives were offered for participation. Eligibility criteria were: (a) age 18 y or older, (b) little or no difficulty walking three city blocks, (c) English-speaking, (d) living in the same address as in our database, and (e) living in a household with a telephone. The survey questions were grouped into nine sections including walking, biking, transit use, physical activity, neighborhood perception, attitude toward environment and transportation, household characteristics, demographics, and a short section for those initially refusing to respond. The short section included seven questions asking if they have difficulty in walking (5-point Likert scale), if they walk and bike in a usual week, if they own a bike, and basic demographic information including age, race and income ranges.
Advance letters on the University of Washington letterhead were sent to 3500 potential respondents one to several weeks prior to the phone contact. Full contact information was provided, and those who did not wish to participate could opt out by calling, e-mailing, or sending a letter. Over 31% (1098 households) of the 3500 were not contactable. Another 19.7% (688) were excluded because they did not meet the eligibility criteria. Response rate was estimated to be 31.54% and the cooperation rate was 34.32%. 23 Survey respondents were compared with those who initially refused to participate but completed the short section and with the BRFSS respondents, revealing no serious non-response bias. 24 The final samples used for this study were a subset from the survey, consisting of 438 respondents living in the City of Seattle. The respondents were predominantly white (90%), with 54% female, and 16% age 65 y or more. About 43% were married, and 77% had no children under 18 y. About 76% were employed for wages or self-employed, and 54% had an annual household income of $50,000 or more. The majority reported very good or excellent health status. The mean body-mass index (BMI) was 25.2, and 195 (44.6%) had a BMI above 25, 41 (9.4%) of whom were considered obese (BMI above 30).
GIS Measures.
Environmental variables captured fine-grained and disaggregated measures of individual respondents' residential environment, including distance to individual and agglomerations of destinations (e.g. grocery stores, restaurants, banks, post offices, retail stores, parks, trails, liquor stores, community gardens, gyms/fitness centers, etc.), intensity of land uses, pedestrian and other transportation infrastructure conditions (e.g., sidewalks, bike lanes, traffic volume, bus ridership, street trees, etc.), and topography. The raw data came from the county's parcel-level and building-level assessor's data, park layer, METRO bus ridership data, and the Puget Sound Regional Council's regional transportation network data (including trails).
Variables
Survey Variables. Survey variables were grouped into five classes ( Table 1) . The first four classes including Demographics, Behavior, Household Characteristics, and Attitude, captured various personal dimensions of the social ecological model, Five open-ended survey questions were used to compute the dependent variables. These questions asked weekly frequencies of walking: (a) to work, (b) to school, (c) to grocery stores, (d) to other retail or service facilities, and (e) for recreation or exercise. An example of the actual questions is, "How many times during a usual week do you walk to grocery stores?" An introduction instructing the respondent to report walking in his or her home-based neighborhood preceded these questions. Answers from the first four questions were added up to create the frequency of transportation walking variable and the last question became the frequency of recreation walking variable. Income was excluded from this analysis due to its failure to show any statistical significance with the dependent variables and a relatively large number of missing values (46 respondents refused to answer or said don't know). Education, home ownership, property values, car ownership, and Vehicle Miles Traveled (VMT) were tested as potential proxies, and the latter two were selected for their significant bivariate association with the dependent variables.
GIS Variables.
Environmental variables from the WBC project, were complemented with a number of additional land use and infrastructure measures for this study (e.g., liquor stores, greenbelts, community gardens, retirement communities, designated urban villages, beaches, sidewalks, street trees, property values, etc.). Environmental variables were measured using a custom-made GIS tool, called WBC Analyst, developed as part of the WBC project. Buffer measures included type and intensity of land uses and infrastructure conditions in a 1 km/0.6 mile buffer area around home. The buffer distance of 1 km was determined by the empirical evidence from this and previous surveys on the distance that people can and do walk. Comparisons of a series of matching perceived and objective variables confirmed that people generally perceive areas within 1 km from home to be part of their own neighborhood. 24 Therefore 1 km served as a behavior-and perception-derived limit of neighborhood for this research. The only exception was the bus ridership measure that was taken at a quarter-mile area from home, due to the previous research identifying a quarter mile as a distance threshold for bus uses. 25 Proximity measures searched up to 3 km from home, finding distances to 31 individual Destinations* identified based on both data availability and relevance to walking. Also included were 11 types of agglomerations of the Destinations, called Neighborhood Centers or NC. The NCs were spatially delineated by drawing the smallest polygon around all selected Destinations meeting the specifications-at least one of each Key Destinations † within 50 m/164 feet of each other. Street network-based measures were used for all variables included in this research. 26 The specificity of measurement and lack of theories and previous research resulted in a large number of GIS variables. Both theoretical and empirical approaches were used for variable selection. First, factor and correlation analyses grouped highly correlated (P > 0.7) environmental variables together (32 groups total), and second, one variable was selected from each group based on their significance and magnitude of correlation with the dependent variables, and on the ease of measurement and interpretation. Third, the selected environmental variables were prioritized into VIP and Non-VIP variables. The VIP variables were those with strong theoretical support (having a consistent direction of association with walking shown by two or more empirical studies), and they were included in the model regardless of their statistical significance. The Non-VIP variables were those that had some empirical support but not meeting the criteria used for the VIP variables, and included in the model only if they retained statistical significance at the 0.05 level from the backward stepwise modeling process. A total of 13 VIP variables were identified, 2, 14, 15, 27-29 and 19 Non-VIP variables were considered in the stepwise process (Table 2 ). *The 31 Destinations were: grocery stores/markets, fast food restaurants, eating/drinking places, big box retail, banks, churches, neighborhood/community shopping centers, convenience stores, day care centers, fitness centers, medical/dental/hospital, libraries, mixed use, art gallery/museum, offices, post offices, regional shopping centers, retail stores, schools, sports facilities, movie theaters, trails, parks, beach, liquor store, greenbelt, community garden, community center, retirement center, and designated urban village. †The Key Destinations used for the 11 NCs were: NC1 (grocery/market and retail), NC2 (grocery/market, restaurant and retail), and NC3 (grocery/market and restaurant), NC4 (convenience store, restaurant, and grocery/market), NC5 (office and mixed-use), NC6 (sports facility and school), NC7 (church and school), NC8 (office), NC9 (convenience store, fast food, and grocery/market), NC10 (office, fast food, and hospital), and NC11 (grocery/market, restaurant, retail, convenience store, bank and post office). 
Statistical Methods
Two types of models were estimated, Purpose Model and Frequency Model, based on the nature of the dependent variable. Ordinal categorical variables that had a simple linear relationship with the dependent variable were treated as continuous variables.
Purpose Model. The dependent variable included four categories: (a) BothWalker, those who reported walking for both recreation and transportation purposes at least once in a usual week, (b) Rec-Walker, walking for recreation purposes only, (c) Tran-Walker, walking for transportation purposes only, and (d) Non-Walker, not walking at all (Table 3) . A multinomial logit model was used to fit three binary logit models simultaneously, estimating the odds of walking for both purposes, for recreation purposes only, for transportation purposes only, all relative to not walking.
Frequency Models. Two frequency models were estimated based on the reported number of times that people walk during a usual week, one for transportation, and the other for recreation. Each dependent variable included three ordinal categories: zero times (Non-Walker), one to four times (Moderate Walker), and five or more times (Frequent Walker). The threshold of five times was based on a "regular" level of activity as recommended for maintaining good health. 30 For transportation, out of the 438 respondents, 119 (27.3%) were Frequent Walkers, 195 (44.5%) Moderate Walkers, and 124 (28.3%) Non-Walkers. For recreation, 107 (24.4%) were Frequent Walkers, 223 (50.9%) Moderate Walkers, and 108 (24.7%) Non-Walkers. Ordinal logit models were tested first as a common option when the dependent variables have ordinal categories. However, the results showed that the crucial equal slope assumption was violated. 31, 32 A multinomial model was selected for this study since it handles categorical dependent variables without this strict assumption.
Analytical Process
Both Purpose and Frequency Models followed the same modeling process. The Base Model was developed first including only the survey variables which included 
Results
Purpose Model
The pseudo R-square values of the overall model ranged up to 0.599 (Nagelkerke), a considerable improvement from 0.449 of the Base Model. To note is that the small odds ratios for several environmental variables shown in tables 5 and 7 are due to the small increments of their measurement units. For the case of several distance variables, the small effect of 100 feet on the dependent variable accumulates into a significant effect when multiple increments are considered. Table  4) . Of the five classes of survey variables, the Behavior class had the strongest and most consistent association with walking. All three variables, transit use (positive), walking outside the neighborhood (positive), and amount of driving (negative), had a statistically significant association with walking in all but the Rec-Walker versus Non-Walker Model. The Attitude class showed a positive association with all purposes of walking. Having a dog (positive) and architectural visual quality (positive) showed significant bivariate associations with walking, but neither showed a significance in the Final Model. The insignificance of race might be due to too few observations for the non-white category (44 respondents).
Objective Environmental Correlates of Walking. Distance to the closest office and mixed use NC (DistOffMix) and area-level residential density (AreaDen) were found significant in all models (Table 5) . Parcel-level density showed a positive, and area-based density showed a negative association with the likelihood of walking for both purposes relative to not walking at all. Differences existed in the environmental variables that are significant in recreation versus transportation walking. For example, greater slope and shorter distance to daycare were associated with increased odds of walking for recreation purposes relative to not walking, while none of them were significant for transportation walking. These differences are further illustrated through the variations in the spatial distributions of walkability for transportation versus recreation (Figure 1 ). These maps confirm that areas highly supportive of recreational walking may not be as supportive of transportation walking, and vice versa. Description of the methods used for the maps can be found elsewhere. Note: Reference category shown in brackets; see Table 1 for variable definitions and coding; ** P < 0.01, * P < 0.05 Note: See Table 2 for variable definitions and coding; ** P < 0.01, * P < 0.05
Frequency Models
The Transportation Frequency Model yielded a pseudo R-square value of 0.641 (Nagelkerke), a considerable improvement from the Base Model's (0.459). The pseudo R-square for the Recreation Frequency Model was much lower at 0.394 (Nagelkerke), which still demonstrated a significant increase from 0.195 of the Base Model. Although careful attention was given to select the independent variables that represent both purposes of walking equally, more variables were found correlated with transportation than with recreation walking.
Socio-Demographic and Perceived Environmental Correlates of Walking.
Most socio-demographic variables held strong in explaining how many times people reported walking in a usual week, regardless of the purpose, with an expected direction of association. More variables were found significant for transportation than for recreation walking (Table 6) . Variables related to making more transportation walking trips in the neighborhood included: (a) younger age, (b) male, (c) married (vs. never married), (d) lower VMT, (e) transit user, (f) more cars per adult in the household, (g) walking outside the neighborhood (vs. no walking outside), (h) more walking for recreation purposes, (i) perceived neighborhood as a mix of residential and commercial, or commercial (vs. solely residential), and (j) higher social support. Variables associated with increased odds of walking frequently or moderately for recreation purposes included: (a) female, (b) more walking for transportation purposes, (c) greater awareness of physical activity benefits and sources (awareness), (d) greater awareness of automobile problem (congestion), (e) having interesting architecture to look at, (f) having one car (vs. more than one car) per adult in the household, and (g) having a dog.
Objective Environmental Correlates of Walking. The differences in the objective environmental correlates of walking between the two models were substantial (Table 7) ; no single variable was found significant for both purposes of walking and had the same direction of association. Many VIP variables (Table 2 ) did not hold their statistical significance. For instance, most recreation destinations were found insignificant, even for recreation walking. More Non-VIP variables were related to transportation walking than to recreation walking. An interesting contrast is found for the slope variable, showing an opposite direction of associations with walking for the two different purposes.
Destinations were significantly associated with walking, especially with transportation walking. Five out of the seven variables significant for transportation walking were related to destinations, and two out of four were destination-related for recreation walking. The closer respondents were to a grocery store, a restaurant, a post office, or a bank, the more likely they were to walk for transportation purposes. This means that these destinations are associated with walking-supportive environments, not that people actually walked to them. Higher parcel-level density was positively associated with the odds of walking frequently for transportation, relative to not walking. Neither the parcel-level density nor the area-level density was significant for recreational walking. Route-related variables, such as block size, traffic volume, sidewalk and street trees, did not show a statistically significant association with transportation walking; but longer sidewalks was positively associated with recreation walking.
Discussion and Conclusions
The following nine points synthesize and discuss the results from all Final Models.
Objectively measured environmental variables explained significant amounts of variance in estimating walking, above and beyond socio-demographic and perceived environmental variables.
The objective environmental variables captured up to 20% of the variation in the models, whereas the socio-demographic variables, including perceived environmental variables, captured about 10% to 40% of the variation depending on the model.
2. Both socio-demographic and physical environmental variables had a stronger association with transportation walking than with recreation walking. A notable example came from the Frequency Models, showing the fit of the recreation model (Pseudo R-square = 0.394) to be much poorer than that of the transportation model (Pseudo R-square = 0.641), consistent with the findings from the study of Troped et al. 15 However, a point to consider is the nature of dependent variables used in the Frequency Models. Number of walking trips per week may capture transportation walking more effectively than recreational walking. The amount (minutes) of walking variable could be more effective in capturing recreational walking. Note: See Table 1 for variable definitions and coding; ** P < 0.01, * P < 0.05 Note: See Table 2 for variable definitions and coding; ** P < 0.01, *P < 0.05 3. Significant differences are found for the environmental variables associated with recreation versus transportation walking. Hills, for example, showed a negative association with transportation walking, and a positive one with the recreation walking in the Frequency Models (Table 7) . 34 The Purpose Model further supported the positive role of hills for recreation walking (Table 5) . Recreational walkers may like the views and greater exercise opportunities that come with a hilly landform. In contrast, transportation trips are utilitarian activities and therefore even moderate slopes can become barriers. This was a good example of how the same environmental condition can be both a facilitator of and a barrier to walking, depending on the purpose of it. In addition, many environmental variables were found to be significantly associated with only one purpose of walking. For example, architectural visual quality and sidewalks were correlated with recreation walking only, while perceived social environment and distances to the closest grocery store, restaurant, post office and bank were correlated with transportation walking only. The finding on the social environment is similar to the study of Hoehner et al., reporting a positive association between transportation activity and objectively measured count of people engaging in physical activity in the neighborhood. 13 4. Utilitarian destinations, compared to recreational ones, showed stronger associations with both purposes of walking. Park and trail variables did not show a statistical significance in any models, even in the Recreational Frequency Model. This finding was inconsistent with a couple of previous studies involving different populations, which reported their significance in increasing recreational walking among older women 35 and leisure activity among a diverse North Carolina population. 36 Utilitarian destinations emerged consistently as important indicators of a walkable environment. [34] [35] [36] [37] [38] [39] 5. Sidewalks were associated with frequency of recreation walking only. Transportation walking has more to do with reaching a certain place along the shortest route rather than the quality of the route (e.g., having sidewalks), while recreational walking can be more flexible and people may choose certain routes based on route qualities. This finding suggests the need for collaboration at the interdepartmental level of governmental agencies, because most route-related variables are part of the transportation infrastructure, yet their roles expand to include the objectives of public health agencies.
6. Differences existed between the objectively measured environmental variables associated with moderate versus frequent levels of walking. Environmental factors tended to have a stronger contribution in explaining the odds of walking frequently than walking moderately, relative to not walking ( Table 5 ), suggesting that supportive physical environment may be important for promoting health-sufficient levels of walking.
7. Distance to destination measures were most effective in capturing walkability of neighborhood environment. Among the different types of measurements considered for the objective environmental variables (e.g., count, size, route directness, distance, length, percent, etc.), "distance to destinations" served as consistently important measures for studying walking. These measures made the strongest contribution to the models. Four (three distance and one route directness variables) out of seven significant objectively measured environmental variables were destination-related in the Purpose Model, and seven (five distance and two route directness variables) out of ten in the Frequency Models.
8. Promoting walking for both purposes is more likely to yield health beneficial results. Walking for both purposes seemed to be strongly associated with an increased likelihood of meeting the recommended level, 30 in both amount and frequency, of physical activity (Table 3) . Different purposes of walking may appeal to different people at different times of the day and for different seasons and locations.
9. Intervention strategies must be tailored to the socio-demographic profile of target communities. For example, the gender and car ownership variables showed the directions of association change between the two Frequency Models (Table 6 ). Being a female was associated with increased odds of walking for recreation but with decreased odds of walking for transportation. Also, older age was negatively associated with transportation walking but not associated with recreation walking.
Some of the limitations for this research included its cross-sectional study design and predominantly white population, with over 90% of the respondents being white. Several commonly reported walking destinations such as drug store, cafes, and video stores, could not be included in this study due to lack of available data. While the use of detailed and disaggregated measures of environment is a strength of this research, the issues of spatial dependency among the GIS variables were still not fully addressed. Also, the walking variables came from self-reported measures, and objective measures of walking could have added validity to these variables. Future research is needed involving more detailed classifications of different types and purposes of walking. Differences will likely exist between exercise and recreational walking, and between commuting and shopping/service-related walking. Also needed are considerations of various minority groups along with the underpinning socio-economic and cultural factors, and of diverse geographic locations of communities, including urban, suburban, rural, and inner-city, to better understand the correlates of walking that may be unique to each group or community.
In sum, the strong role of routine daily destinations emphasizes the need for planning policies that encourage locating these land uses within proximate distance to residential areas. The importance of sidewalks for recreational walking, combined with previous research showing neighborhood streets to be the most popular places for physical activity, 4, 8, 11 suggests an expanded role for pedestrian infrastructure to include recreation and exercise venues.
Promoting both transportation and recreation walking will likely bring the highest sustainable results and health benefits. Yet, because environmental conditions may have no impact on, or even hinder one or another purpose of walking, future research and policy on walkable communities require targeted approaches that are tailored toward community-specific needs.
